The feasibility of producing and certifying new certified reference materials (CRMs) for trace elements in honey was investigated. Preliminary steps for preparation of candidate materials are performed at the Institute for Reference Materials and Measurements, Joint Research Centre of the European Commission (EC-JRC-IRMM). Two different types of honey, Acacia and Eucalyptus, were tested for determination of 10 trace elements. To each type of honey was added a given amount of high purity deionized water to obtain aqueous solutions with an acceptable degree of homogeneity which would require only minimal manipulation before analysis. Average values obtained for the trace elements by means of inductively coupled plasma-based techniques were as follows (in mg/ kg ± SD): Acacia honey, As, 1.10 ± 0.20; Cd, 0.328 ± 0.035; Cr, 1.90 ± 0.22; Cu, 67.0 ± 5; Fe, 215 ± 30; Hg, < 0.75; Mn, 82.1 ± 6.2; Ni, 21.0 ± 3.0; Pb, 2.30 ± 0.25; Se, 9.10 ± 1.2; Zn, 167 ± 22; Eucalyptus honey, As, 5.99 ± 0.10; Cd, 0.592 ± 0.074; Cr, 1.50 ± 0.07; Cu, 219 ± 24; Fe, 1008 ± 114; Hg, <0.75; Mn, 1009 ± 51; Ni, 11.3 ± 1.5; Pb, 5.00 ± 0.40; Se, 5.60 ± 0.91; Zn, 791 ± 91. When these 2 pilot materials are ready, the certification project will be launched in full compliance with current rules set by EC-JRC-IRMM. If the project is successful, the new CRMs will be put primarily at the disposal of the National Reference Laboratories for trace elements.
T he mandate assigned by the Council Directive 96/23/EC of April 29, 1996 to the Istituto Superiore di Sanità of Rome as one of the 4 European Union Community Reference Laboratories (CRLs) for residues in living animals and their products covers various activities undertaken in favor of the National Reference Laboratories (NRLs). Of highest priority is assistance to the NRLs in developing and implementing quality schemes for identification and quantitation of trace elements in animal matrixes (1) . The availability and use of suitable certified reference materials (CRMs) is crucial for accuracy and credibility of experimental data produced by the NRLs and to improve their performance during proficiency tests organized by the CRLs (2) . Quality and acceptability of experimental data produced by a laboratory should be verified, whenever feasible, by including in the analysis one or more CRMs which best match the matrix composition (3) . This is necessary in consideration of the tasks entrusted to the CRL/NRL system, which require that experimental data be dependable and comparable to measurements of the same kind made by other teams. In an attempt to decrease the gap between the needs of the NRLs and the actual availability of CRMs, the Rome CRL has recently undertaken several certification projects. The first of these was the CRM CRL ISS-A1 Bovine Muscle for trace elements, a project concluded by the end of 2000 (4) .
Because of the lack of commercial CRMs for trace elements based on a honey matrix, a second project was launched to ascertain the feasibility of a CRM of this kind. Honey is one of the natural foodstuffs of animal origin largely used for human consumption; its nutritional properties provide much energy due to its high content of glucose and fructose (about 75%). The other constituents of honey are water (about 14%), vitamins, proteins, organic acids, amino acids, and minerals (about 1% altogether; 5, 6) . Over the past few decades, honey was also proposed as a biological indicator of environmental pollution (7) . Potentially hazardous contaminants, including toxic metals, can be deposited on flowers and absorbed from soil and water and can, in fact, be carried by bees to the hive (8-10).
The project described here characterizes 2 different types of honey. In the early phase of this study, the Eucalyptus honey (ripened and solid) and Robinia honey (ripened and viscous) were selected. These samples were collected in 1997. At a later stage of the project, Robinia honey was replaced by Acacia honey (with similar physical properties) because of the impossibility of collecting the required amount of Robinia honey again. The collection of Eucalyptus honey took place in July 1999 in the Tuscany region (Grosseto area), whereas Acacia honey was collected in May 2000 in the Lombardy region (Como area). The 2 planned CRMs can thus cover a variety of needs. They will be a further means of harmonizing the performance of NRLs for quantitation of trace elements in honey. Quality control schemes can be expediently set up to assist NRLs in their daily work. In addition, the use of honey as an environmental bioindicator will be significantly promoted and more credible, and mutually comparable data will be generated.
The pilot phase of this certification project for trace elements was successfully concluded and useful information on how to process honey and obtain a stable, homogeneous can-didate material resulted from this investigation (11) . The preliminary work on honey pretreatment and bottling was performed under the responsibility of the Institute for Reference Materials and Measurements, Joint Research Centre of the European Commission (EC-JRC-IRMM), Geel Establishment (Geel, Belgium). The 2 raw masses of honey were mixed with high purity (18 MΩ cm) deionized water, i.e., 30% for Eucalyptus honey and 20% for Robinia honey (and later, for Acacia honey). Initially, this led to the preparation of several hundred brown glass ampules for the 2 types of honey (Eucalyptus and Robinia) as candidate reference materials. Each ampule contained approximately 5 g solution with an inert gas (Ar) to improve long-term stability of the aqueous mixtures. The results of the determinations performed on the honey samples in the first part of the study (focused on Eucalyptus and Robinia) and in the second part (focused on Acacia and Eucalyptus) are reported here. 
Experimental

Apparatus
Reagents
(a) Single element stock solutions.-1000 mg/L stock solutions of As, Cd, Cr, Cu, Fe, In, Mn, Ni, Pb, Se, Y, and Zn in 2% HNO 3 , and Hg in 10% HNO 3 (Spex Industry, Edison, NJ) were used. From these, all calibrants were prepared by dilution with high purity deionized water (18 MΩ cm). For all elements, except Hg, no acid was added to the calibrants and samples. Therefore, only stock solutions contributed to the final acidity, which never exceeded 0.1% (1.5% for Hg). 
Sample Preparation
Approximately 3 g sample (exactly weighed to the 4th decimal in each case) was quantitatively transferred into a polyethylene flask and diluted with high purity water (18 MΩ cm) to a final weight of 25 g. Shaking the aqueous mixture for a few seconds was sufficient for complete dissolution. Samples must be prepared and analyzed daily because flocculation due to protein denaturation and/or microbial activity may take place in a couple of days. The colloidal particles might in fact cause a variation in the composition of the matrix by absorbing ions from the solution, thereby significantly altering the normal solution flow from the peristaltic pump to the nebulizing system. If samples are analyzed within a few hours after preparation, no adverse phenomena are noted and no filtration is necessary.
Analysis
The elements As, Cu, Mn, Ni, Pb, Se, and Zn were quantitated by using both Q-ICP-MS and HR-ICP-MS, whereas Cd, Cr, and Fe were determined by HR-ICP-MS. For Cr and Fe, a mass resolution of 3000 was required to separate the peaks from the most abundant polyatomic interferences, namely O (99.36%). The relatively high content of Cu, Fe, Mn, and Zn in the matrix also allowed ICP-AES to be used for these metals. Mercury, in turn, was quantitated by means of FIMS. The diluent used was aqueous HCl (3%, v/v, further diluted 1 + 1, v/v). The standard addition calibration method was then applied (0.25, 0.5, and 1 µg/L). The carrier solution was also aqueous HCl (3%, v/v). The reducing agent was NaBH 4 (0.2% in 0.05% NaOH solution). A typical run required ca 5 mL sample. For MS and AES analysis, the addition calibration method was also chosen to overcome problems caused by the high content of carbohydrates in the matrix, as mentioned above. Indium was selected as the internal standard for HR-ICP-MS and Q-ICP-MS, and Y for ICP-AES at concentrations of 2, 10, and 1000 ng/g, respectively. Accuracy of measurements was checked throughout the study by including in the analytical runs the CRM 191 Brown Bread. Each time, ca 0.3 g of this material was dissolved by acid-assisted microwave digestion (MLS-1200 Mega oven, FKV, Sorisole, Bergamo, Italy) by adding 4 mL 65% HNO 3 and 1 mL 30% H 2 O 2 . The digestion program was, as follows: 1 min at 250 W, 2 min at 0 W, 5 min at 250 W, 5 min at 400 W, and 5 min at 600 W. After digestion, the samples were diluted to 25 mL with high purity water. In consideration of the good agreement among the results obtained by ICP-AES, Q-ICP-MS, and HR-ICP-MS, in the preliminary part of the study, only this last technique was used to characterize the candidate CRMs.
Homogeneity and Stability
As aqueous solutions of honey, the candidate reference materials featured high homogeneity as tested at EC-JRC-IRMM prior to ampuling. In fact, once exogenous solid particles were removed, the bulk solutions were kept under continuous stirring and ampuled. The mass contained in each ampule (ca 5 g) needed no filtration upon opening. Random tests conducted on several vials revealed no significant variations in concentrations of elements to be certified. Short-term tests also showed sufficient stability, although full assessment of this property can be achieved only with long-term tests. One major problem in this context was microbial growth under anaerobic conditions (see below). Further evaluation of the homogeneity and stability of the 2 CRMs is still underway. The experimental data obtained, to date, support the fact that the approach chosen for pretreating the raw materials is effective for obtaining satisfactorily homogeneous and stable end products.
Results and Discussion
One year after preparation of the first set of ampules produced by the IRMM, internal pressure formed in candidate materials containing Robinia honey, with the consequent production of foaming at their openings. This made their use impossible and all the material was discarded. This phenomenon can be ascribed to gas evolution caused by microbial growth. The fact that the ampules were sealed under inert gas (Ar) did not guarantee the preservation of the material, because anaerobic microrganisms can reproduce anyway. The high content of sugars in honey made their growth all the more serious. Such aspects were considered to be of minor importance when the project was launched.
Although not observed for the Eucalyptus honey, microbial growth could not be excluded for the second set of vials, which were destroyed as well. In consideration of the above problems, new samples of Acacia and Eucalyptus honey were collected in amounts of about 10 kg for each type. Several thousand ampules will also be produced by EC-JRC-IRMM. To minimize any microbial growth, the new materials will be γ-irradiated soon after ampuling. Aliquots of the 2 new raw honey were sampled and analyzed after their dilution with water. Results for this second set of samples are reported in Table 1 . For almost all elements, concentrations in the 2 types of honey differed significantly. This fact can be traced back to differences in the botanical species from which honey was produced, geochemical composition of soil, and possibly local environmental pollution. So far, no specific regulations have been issued for trace elements in honey. Even the Codex Alimentarius simply prescribes that "Honey shall be free from heavy metals in amounts which may represent a hazard to human health" (12) . For the 2 types of honey tested, the relatively low concentrations found for the analytes of interest revealed no risk for the consumer's health. Such concentration ranges are well within the reach of the major analytical techniques, as indicated by the data in Table 2 (pure honey), which were recalculated from the results in Table 1 .
Conclusions
The findings of this pilot study identified crucial steps in the preparation of honey-based multi-elemental CRMs. On their basis, the certification project for the 2 proposed materials seems feasible. An additional beneficial feature of the 2 candidate CRMs is that all manipulation prior to the analysis is minimal, normally not more than mere dilution with water of the ampule content. This greatly reduces the possibility of contamination of the material and decreases the time necessary for sample preparation.
Finally, we anticipate that by the end of 2001, certification of the 2 honey-based candidate CRMs can be successfully completed. Expert laboratories willing to participate in the project will be selected by EC-JRC-IRMM in conformity with their current criteria, and the overall certification will be conducted in close cooperation with this Institute. This obviously implies full adoption and respect of rules and guidelines. Once these 2 CRMs are available, they can be put to use in the scientific community, primarily to the benefit of the NRLs for residues.
